Introduction {#s1}
============

The sentinel lymph node (SLN) technique developed by Morton et al has resulted in a significant change in the treatment approach for melanoma patients \[[@R01]\], and sentinel lymph node biopsy (SLNB) is generally recommended for intermediate-thickness melanomas (1 - 4 mm). However, the value of this technique has recently extended to thinner lesions. The application of this technique in patients with thin (\< 1 mm) and thick (\> 4 mm) melanomas has been questioned for several reasons. While in patients with thin melanomas, questioning arises from the low probability of detecting lymph node micrometastases, while in thick melanomas, questioning arises because of the high probability of systemic spread \[[@R02], [@R03]\].

In the present study, our primary aim was to establish the prognostic and therapeutic value of SLN in patients with thick cutaneous melanoma (CM) determining both melanoma-specific overall survival (MSOS) and disease-free survival (DFS). Our secondary aim was to identify predictive factors for micrometastatic disease in the SLN.

Materials and Methods {#s2}
=====================

We reviewed the records of all patients who had pathologically confirmed primary CMs, with a Breslow thickness ≥ 4 mm, without palpable nodes or presence of distant metastatic disease or previous neoadjuvant treatments, treated between January 2000 and December 2016.

All subjects were referred to Grupo de Estudio de Melanoma Rosario (GEMRO) for surgical treatments. They underwent wide excision of the primary tumor site as potentially curative surgical therapy. GEMRO consists of health professionals belonging to Surgery, Dermatology and Pathology Department in the following institutions: Facultad de Ciencias Medicas, Universidad Nacional de Rosario, Instituto Cardiovascular de Rosario and Diagnostico Medico Orono.

The melanomas were classified and staged using the AJCC Staging System (seventh edition) \[[@R04]\], based on age, gender, location, histological type, Breslow thickness, Clark level, presence or absence of ulceration, mitotic rate (MR, per mm^2^), lymphovascular invasion and satellitosis. Lymph node status was also recorded.

All patients were examined with a routine whole-body magnetic resonance imaging, or computed tomography, and positron emission tomography-computed tomography depending on the incorporation of the new technology in our medical institutions.

The SLBN procedures involved the following three phases: 1) preoperative assessment of regional lymph nodes with SLN localization with a gamma probe and blue dye (dynamic isotope lymphoscintigraphy); 2) intraoperative localization and SLNB (lymphatic mapping); and 3) histopathology. Histopathological samples were stained with hematoxylin and eosin. If the result was negative, samples were studied with immunohistochemistry, as described elsewhere \[[@R05]\]. All previously listed factors were evaluated in association with SLN status, analyzing both MSOS and DFS.

For descriptive purposes, valid percentages (percentages based on sample size excluding missing values) were calculated. The association between SLNB results and categorical variables was compared using Chi-square test or Fisher's exact test, as appropriate. Quantitative variables were expressed as mean ± standard deviation. The *t*-test was used to evaluate the mean differences.

The Kaplan-Meier method was used to model survival years. Stratified analyses were performed by SLN status. A log-rank (Mantel-Cox) test was used to test for differences among the strata. A similar approach was used to compare survival in the presence or absence of ulceration in each SLN stratum. Multivariate survival analysis was carried out using the Cox proportional hazards model, and covariates included were SLN status, mitoses per square millimeter and presence of ulceration. A two-tailed P value \< 0.05 was considered statistically significant. All data analyses were performed using Stata statistical software \[[@R06]\].

The study was reviewed and approved by the Ethics Committee of the School of Medicine, National University of Rosario. All the authors signed a declaration of commitment to respect the confidentiality of the data collected.

Results {#s3}
=======

From January 2000 to December 2016, 736 consecutive patients with CM aged from 22 to 88 years (mean: 49.4 years) were studied retrospectively. Among them, 50 (6.7%) patients presented with thick melanomas without evidence of distant disease. Mean and median follow-up were 40 and 37 months, respectively (range: 12 - 120; interquartile range: 18 - 73 months); 37% of the study population had a follow-up ≥ 5 years. A positive SLN was identified in 28 patients (56%). [Table 1](#T1){ref-type="table"} shows the demographic and clinic pathological data from all patients according to SLN status.

###### Patients Basic Demographics and CM Clinicopathologic Characteristics

                            N (%)       SLN (-)     SLN (+)     P value
  ------------------------- ----------- ----------- ----------- ---------
  Gender                                                        
    Male                    28 (56.0)   11 (39.3)   17 (60.7)   0.40
    Female                  22 (44.0)   11 (50.0)   11 (50.0)   
  Age                                                           
    Mean                    57.9        56.1        59.4        0.40
    Male                    60.7        57.6        62.4        0.30
    Female                  54.6        54.5        54.5        0.90
  Site                                                          
    Trunk                   20 (40.0)   7 (35.0)    13 (65.0)   0.08
    Extremities             21 (42.0)   8 (38.1)    13 (61.9)   
    Head and neck           9 (18.0)    7 (77.9)    2 (22.1)    
  Histological subtype                                          
    Nodular                 28 (58.3)   14 (61.9)   15 (55.6)   0.13
    Superficial spreading   12 (25.0)   4 (19.1)    8 (29.6)    
    Acral lentiginous       5 (10.4)    1 (4.8)     4 (14.8)    
    Others                  3 (6.3)     3 (13.4)    \-          

CM: cutaneous melanoma; SLN: sentinel lymph node.

[Table 2](#T2){ref-type="table"} shows the SLN status and its relationship with different histopathologic parameters. Mean MR was 4, with significant differences according to SLN status (P = 0.018). At the end of the follow-up period, 24 patients were still alive, so the MSOS was 49%. The proportion of surviving patients was higher (P = 0.01) for SLN-negative patients (68.2%) when compared with SLN-positive patients (32.1%). Twenty-three surviving patients were disease-free. Comparison of MSOS time between SLN-negative and SLN-positive patients revealed that mean and median survival times were shorter in the SLN-positive group ([Table 3](#T3){ref-type="table"}).

###### Distribution of Prognostic Factors According to SLN Status

                            Total        SLN (-)      SLN (+)      P value
  ------------------------- ------------ ------------ ------------ ---------
  Breslow (mm)                                                     
    Mean                    5.4          4.9          5.7          
    Median                  5.0          4.3          5.0          
    Range                   4.0 - 12.0                             
                            4.0 - 5.5    17 (77.3%)   18 (64.3%)   0.248
                            ≥ 5.5        5 (22.7%)    10 (35.7%)   
  Ulceration                                                       
    Presence                36 (72.0%)   15 (68.2%)   21 (75.0%)   0.413
    Absent                  14 (28.0%)   7 (31.8%)    7 (25.0%)    
  Clark                                                            
    III                     7 (14.0%)    3 (13.6%)    4 (14.3%)    0.510
    ≥ IV                    43 (86.0%)   19 (86.4%)   24 (85.7%)   
  MR                                                               
    Mean                    4.0          2.9          4.8          0.018
    ≤ 3                     24 (49.0%)   15 (71.4%)   9 (32.1%)    
    4 - 6                   18 (36.7%)   4 (19.0%)    14 (50.0%)   0.024
    \> 6                    7 (14.3%)    2 (9.5%)     5 (17.9%)    
  Angiolymphatic invasion                                          
    Present                 12 (24.0%)   4 (18.2%)    8 (28.6%)    0.304
    Absent                  38 (76.0%)   18 (81.8%)   20 (71.4%)   
  Satellitosis                                                     
    Present                 5 (10.0%)    3 (13.6%)    2 (7.1%)     0.384
    Absent                  45 (90.0%)   19 (86.4%)   26 (92.9%)   

SLN: sentinel lymph node; MR: mitotic rate.

###### Survival Years According to SLN Status

  SLN        Mean    Median estimation                  
  ---------- ------- ------------------- -------------- -------
  Negative   13.98   2.49                9.10 - 18.87   11.17
  Positive   4.05    0.64                2.80 - 5.30    2.58
  Global     9.31    1.62                6.14 - 12.49   5.67

SLN: sentinel lymph node; CI: confidence interval.

As shown in [Figure 1](#F1){ref-type="fig"}, there was a significant difference in survival times between both groups (P = 0.002).

![Kaplan-Meier estimates of survival. SLNB: sentinel lymph node biopsy; SLN: sentinel lymph node. Global comparison: test for equality of survival distributions in different levels of SLN. Log rank (Mantel-Cox) test: P = 0.002.](wjon-10-112-g001){#F1}

No significant difference in MSOS was observed in terms of the primary tumor site (P = 0.782). Hazard ratios (HRs) according to the multivariate Cox regression method were statistically significant for SLNB (+) and MR \> 3 mm^2^, but not for presence of ulceration. Mortality risk in the SLNB (+) group was almost fourfold higher than that in the SLNB (-) group at any time of follow-up ([Table 4](#T4){ref-type="table"}).

###### Cox Regression Analysis for Overall Survival

                           HR (95% CI)       P value   HR\* (95% CI )    P value
  ------------------------ ----------------- --------- ----------------- ---------
  SLNB (+)                 3.8 (1.5 - 9.6)   0.005                       
  MR \> 3                  3.9 (1.5 - 9.9)   0.004     2.7 (1.0 - 7.5)   0.056
  Presence of ulceration   2.2 (0.8 - 6.4)   0.149     1.8 (0.6 - 5.3)   0.286

HR: hazard ratio; SLNB: sentinel lymph node biopsy; CI: confidence interval; MR: mitotic rate. \*HR adjusted by SLNB status.

Discussion {#s4}
==========

The prognosis of patients with thick melanoma is generally poor. Although some authors have questioned the usefulness of SLNB in patients with thick melanomas \[[@R07]\], the procedure is intended to provide prognostic and staging information.

As in other studies \[[@R01], [@R08], [@R9]\], a predominance of male patients was found. In these studies, patients' mean age ranged from 58 to 69 years, and in our review, it was 57.9 years. The increased incidence of thick melanomas among older men is unexplained, but may be related to histopathologic subtype \[[@R9]\].

Nearly 60% of our patients had nodular melanoma histopathologic subtype. This subtype is biologically aggressive with rapid growth \[[@R10]-[@R14]\], and it comprised 34-69% of melanomas ≥ 2 mm. In our country, this histopathologic subtype represents 36.2% of all melanomas \[[@R15]\].

Some studies found that the most common primary tumor site is the trunk, ranged from 35% to 50% \[[@R9], [@R11]\]. In our patients, similar figures were found for trunk and extremity primary tumor locations.

The combination of clinical and pathological characteristics in thick melanomas (i.e. nodular subtype, male sex and older age) has been seen as prognostic factors in previous studies \[[@R10], [@R16], [@R17]\]. However, these factors did not have a statistically significant difference in our study.

In 1970, Alexander Breslow \[[@R18]\] claimed that mortality from melanoma was related to thickness of the primary tumor. There is a controversy regarding the increase of thickness and its relation with the positivity of SLN \[[@R9], [@R11], [@R12], [@R15], [@R19]-[@R21]\]. It has been reported that among patients with thick melanomas (≥ 4.0 mm), the incidence of a positive SLN did not rise significantly with the increasing thickness \[[@R12]\]. A concept of thick melanomas (≥ 4.0 to \< 6.0 mm) as distinct biological variants of ultra-thick melanomas (\> 6.0 mm) has been proposed; indeed a significant difference in MSOS and DFS was found between the two groups \[[@R9], [@R12]\]. In our study, the mean tumor thickness was 5.4 mm (ranged from 4.0 to 12.0 mm), and it was 4.9 mm in the SLN-negative group and 5.7 mm in the SLN-positive group.

Some studies have found ulceration present in 37-70% of patients \[[@R08], [@R22]\] and it was a prognostic factor for SLN positivity \[[@R08]\]. However, some authors did not find a significant prognostic impact in this subgroup of melanoma patients \[[@R12], [@R19], [@R20], [@R23]\]. In our study, an association between SLN positivity and ulceration was found in 42% of patients, whereas a negative SLN without ulceration was found in 14%. This difference was not statistically significant. SLN status and ulceration were statistically significant independent predictors of survival, with SLN status being the most powerful variable \[[@R9]\]. Five-year overall survival for patients without ulceration and with a negative SLN was 58.8% compared to 29.4% for patients with ulceration and a positive SLN \[[@R24]\].

A study involving 131 patients with T4N0 primary melanomas reported that SLN status and ulceration were the most powerful indicators of DFS and overall survival, and SLNB was recommended for risk stratification in patients with thick primary melanomas \[[@R25]\].

It has been reported that in patients with a positive SLN, lymphovascular invasion was present in nearly a quarter of them \[[@R12]\], which was similar to our findings (28%).

On multivariable analysis, a positive SLN and the presence of satellitosis were the only significant predictive factors for a worse overall survival \[[@R26]\]. Besides, satellitosis, lymphovascular invasion and ulceration were all significantly more likely to be associated with a positive SLN \[[@R12]\]. In contrast to these reports, satellitosis was present in 10% of our patients, and no significant difference in relation to SLN status was found.

MR has been reported to have a significant impact on both 5-year DFS (46% versus 30%) and overall survival (74% versus 52%) in thick melanoma patients. Tumors with positive SLNB, high MR and thickness greater than 5.5 mm had significantly lower 5-year DFS \[[@R08], [@R26]\]. In our study, the mortality risk in patients with an MR \> 3 mm^2^ was almost fourfold greater than in patients with a lower MR.

In our study, SLN was positive in 56% of the patients. Other studies found SLN positivity between 22% and 64% of cases \[[@R08], [@R9], [@R11]-[@R15], [@R19]-[@R21], [@R24], [@R27], [@R28]\].

The presence of a positive SLN was significantly associated with an approximately 50% reduction in DFS and MSOS at both 5 and 10 years \[[@R9]\]. Other results indicate that SNB is the only prognostic factor of importance for survival in patients with thick melanomas \[[@R19]\]. Breslow thickness is known to be strongly predictive of SLN positivity, and the incidence of SLN positivity increases significantly with increasing thickness \[[@R08]\]. Tumors with a positive SLNB, high MR and thickness greater than 5.5 mm have been shown to have a significantly lower 5-year DFS \[[@R08]\].

We found that the SLN status is a crucial prognostic factor of greater importance than all other factors studied. In multivariate analysis, a positive SLN was the only factor decreasing MSOS. The findings that a positive SLN was an independent prognostic factor are especially relevant, since there is still controversy regarding to the value of SLNB in thick melanomas \[[@R22], [@R29]\].

The main limitation of this study is that its conclusions are based on retrospective, observational data. Another limitation is the small number of included patients in matched samples.

In conclusion, not all patients with thick melanoma develop distant disease. Therefore, we consider that these patients have an uncertain prognosis and we cannot predict with confidence which patients will or will not progress; for that reason, SLNB should be added to clinical observation. Even in patients with thick melanoma, a negative SLNB still predicts a better survival than a positive SLNB, as has been previously demonstrated in patients with thinner melanomas \[[@R05]\]. We believe that patients with thick melanomas are a heterogenous group and should be offered SLNB as part of their staging. A noteworthy observation from our study is that SLN status, along with histologic factors such as MR, can combine to provide valuable prognostic indicators for patient survival in patients with thick CM.
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